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ABSTRACT 

This Report describes the design, development, and flight operation 
of the midcourse propulsion system utilized on the Ranger Block I11 
spacecraft. This monopropellant-hydrazine-fueled system delivers 
50 Ib, of thrust and is capable of imparting a variable impulse to the 
spacecraft in order to accomplish required trajectory corrections result- 
ing from launch-vehicle dispersion errors. These corrections are re- 
quired so that the time-of-amval and impact point can be optimized 
in order to obtain high-resolution television pictures of the lunar sur- 
face. The propellant feed system utilizes a conventional high-pressure 
gas-storage system, a unique pressure regulator, and a propellant tank 
containing a bladder for positive expulsion. Engine ignition is accom- 
plished through the injection of a small quantity of a hypergolic 
oxidizer, nitrogen tetroxide. All valving functions are accomplished by 
explosively actuated valves. A detailed description of component and 
system testing is included, along with the in-flight performance of 
the system during the Ranger VI,  VII,  VIII, and I X  missions. 

1. INTRODUCTION 

The successful accomplishment of the exploration of 
the Moon requires that the trajectory of a spacecraft be 
precisely controlled such that the point of impact, or 
nearest approach, is optimized for the desired scientific 
mission. For lunar missions, a launch vehicle velocity 
error of 1 m/sec (0.01% of total injection velocity) in the 
most sensitive direction would result in about a 200-km 
miss of a lunar target, even if tu) velocity tiector pointing 
errors had occurred. For the Ranger project, a detailed 
analysis of Atlas-Agenu launch vehicle guidance errors 
indicated that an on-board propulsion capability to ac- 
complish a postinjection trajectory correction was a 
necessity if the mission requirements were to be met 
(Ref. 1). 

The requirements of such a propulsion system could 
be summarized as follows: (1) it must have the capability 
of delivering a variable total impulse to the spacecraft, 
imparting a velocity increment of 0 . 5 4  m/sec; (2) it 
must be of relatively low thrust, such that the acceleration 
to the spacecraft would be approximately 0.1 g; and (3) 
it must have the potential of extremely reliable operation. 
Both liquid- and solid-fueled rocket systems were con- 
sidered for the application; the final choice was a liquid 
monopropellant-hydrazine system which develops 50 lb of 
thrust and utilizes jet vanes for thrust vector control. 

Monopropellant-hydrazine had been under develop- 
ment at JPL for several years (Refs. s), and its state of 
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development was such that it could be readily employed 
in such an application. The conception, design, and orig- 
inal development of the midcourse propulsion system 
for Ranger is described in Ref. 6. This system was em- 
ployed on the Block I1 series of spacecraft (Ranger ZZI, 
IV, and V), although it was given an opportunity to oper- 
ate only on Ranger I l l ,  where it performed normally, as 
described in Ref, 6. This Report concerns the develop- 
ment, testing, and operation of the Block I11 propulsion 
system utilized on Rangers VI-IX. 

During the formative stages of the Ranger design, the 
decision w a s  made to employ the modular concept for 
the propulsion system design. This was a significant and 
practical decision since the size of the system was small 
enough to allow the use of high-safety-factor tanks, per- 
mitting the system to be fueled and pressurized several 
days prior to installation into the spacecraft. It also 
eliminated the necessity for unibilical lines and quick 
disconnects. In addition, the interfaces were minimized 
by utilizing this modular approach. The final system 
design required only alignment and bolting into place, 
and the mating of electrical connectors to the telemetiy 
harness, the squib harness, and the jet vane actuator 
harness in order to integrate the propulsion module into 
the spacecraft. 

A disadvantage of this modular approach is that the 
propulsion system must be fueled and pressurized while 
personnel are working around it. A pressure-vessel safety 
factor of 2.2 (ratio of burst pressure to maximum working 
pressure) was determined to be adequate to ensure 
personnel safety. For a small system such as this one, 
the increase in weight associated with this safety factor 
was found to be very small. 

A test philosophy was adopted which provided for 
(1) complete inspection of all parts composing the pro- 
pulsion system, ( 2 )  selective assembly of these parts into 
the complete system, and (3) extensive pressure-leak 
testing of the completed system. At no time was a flight 
propulsion system fueled, pressurized, or fired prior to 
the actual mission. 

This particular approach to reliability was, in part, 
necessitated by the presence of explosively-actuated 
valves which were capable of a single operation only. 
Thus, test firing of a system would expend those valves 
intended for flight use. In addition, it was felt that 
the conduction of extensive test operations, including 
handling and pressurizing operations, could contaminate 
the system such that the net reliability would be lower 
than if the svstem remained in a clean condition. 

This limited test program was compensated for by 
an extensive type-approval (TA) test series, wherein all 
system components were subjected to severe environ- 
mental extremes prior to their assembly into a TA propul- 
sion system. This particular system was then exhaus- 
tively tested, as described in Section IV of this Report. 

The propulsion system utilized on Block I11 (Rangers 
VI, VZZ, VIZZ, and ZX) was very similar to that utilized 
in Block 11, although a larger fuel tank was incorporated 
in the new design. The other major area receiving change 
was the oxidizer start cartridge. In the case of Block 111 
a bellows-reservoir type of cartridge was utilized in lieu 
of the long-tube-burst disc approach of Block 11. This 
improvement was implemented to increase the potential 
reliability of the system, although the original design 
apparently worked successfully in at least two cases 
during flight (Ranger IZI and Mariner 11). 

II. DESCRIPTION AND OPERATION OF THE SYSTEM 

A. Descrinfion fuel from a bladdered propellant tank into the rocket 
engine. The engine contains a quantity of JPL Type H-7' 
catalyst to accelerate the decomposition of anhydrous 
hydrazine. 

The Ranger propulsion system, shown schematically 
in Fig. 1, consists of a small rocket engine which devel- 
ops 50 Ib of thrust and utilizes anhydrous hydrazine as a 
fuel. The rocket is a constant thrust device, whose injec- 

which passes through a pressure regulator and forces the 
tion pressure is derived from compressed nitrogen gas 'Available commercially from Harshaw Chemical Company, Cleve- 

land, Ohio. 
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Total weight 

Ignition is accomplished through the injection of a 
small quantity of nitrogen tetroxide. Three simulta- 
neously operating, explosively actuated valves initiate 
operation of the system, while two simultaneously oper- 
ating explosive valves are required to terminate system 
operation. Dual bridgewire pyrotechnics are used in 
each explosively actuated valve for the purpose of at- 
taining a higher degree of reliability. Tables 1 3  list the 
propulsion system nominal engine performance, pres- 
sures, and temperatures, while Table 4 lists the trans- 
ducer ranges. Component weights are shown in Table 5. 

49.96 

Table 1. Nominal engine performance summary 

Nitrogen reservoir, at ignition 
Nitrogen reservoir, at termination (maximum duration run) 
Propellant tank, at ignition 
Thrust chamber wall, during firing 

Vacuum specific impulse La 
Vacuum thrust F,,, 
Propellant flow rate i~ 
Characteristic velocity c' 
Vacuum thrust coefficient Gvae 
Chamber stagnation pressure l / C  
Hot throat area A t  
Expansion ratio e 

+ 70 
+ 30 + 70 

1800 to 1900 

231.5 
50.0 
0.215 

1.7295 
4306 

189 
0.152 

44:l 

I bc-sed I b,,, 
Ibc 
Ib,,/sec 
ft/rec 

PSIA 
in.' 

"Without jet vanes 

Table 2. Nominal system pressures 

Item 

Nitrogen reservoir, at ignition 
Nitrogen reservoir, at termination (maximum duration run) 
Propellant tank, prelaunch pressurization 
Propellant tank, operating 
Nz04 ignition cartridge, at ignition 
NIOl ignition cartridge, at termination 
Chamber pressure 

Table 3. Nominal system temperatures 

Nominal 
pressure, 

psia 

3300 
700 
275 
305 
375 
335 
189 

Item ("",'I temperature, 

Table 4. Transducer ranges 

Nitrogen tank pressure 
Propellant tank pressure 
Nitrogen tank temperature 

0-3600 psia 
0-460 psia 
0 to +165"F 

I Prapellont tank temperature I +20  to +165OF I 

Table 5. Ranger propulsion system weight breakdown 

Unit 

Jet vane actuator 
Cabling 
Structure assembly 
Engine and catalyst 
Propellant tank 
Propellant bladder 
Propellont valve 
Propellant tank pressure transducer 
Nitrogen tank 
Nitrogen valve 
Nitrogen regulator 
Nitrogen tank pressure transducer 
Oxidizer start cartridge 
Tubing and fittings 
Squibs 
Blast shields 
Fuel (NrH,) 
Oxidizer (NrO,) 
Nitrogen gas 

Weight, Ib, 

2.5 
2.1 
4.9 
2.5 
5.5 
1 .o 
0.6 
0.3 
1.6 
0.5 
1.2 
0.3 
0.9 
3.0 
0.25 
0.50 

2 1 S O  
0.06 
0.75 

6. Operation 
During a normal mission sequence, the trajectory cor- 

rection maneuver is performed approximately 16 hr after 
launch. The spacecraft is commanded to roll and pitch in 
such a manner that the thrust vector lies in the proper 
direction in order to accomplish a velocity vector cor- 
rection such that both the desired time-of-arrival and 
point-of-impact can be obtained. During the Ranger 
Block I1 seismograph missions, the time-of-arrival was 
controlled only grossly in order that lunar impact would 
occur during the Goldstone Space Communications Sta- 
tion view period. The control of arrival time became 
extremely important during the Block I11 television mis- 
sions, since one channel of the television system was 
automatically turned on by an on-board timer that was 
started at the spacecraft-booster separation event. 

The required velocity increment to be furnished by the 
on-board propulsion system is transmitted through the 
Earth-spacecraft command link and is stored in the cen- 
tral computer and sequencer (CC&S). Initiation of system 
operation occurs when the squib firing assembly provides 
power to fire the normally-closed propulsion valves, 
allowing rocket engine ignition to occur. As the space- 
craft is accelerated, the output of the accelerometer is 
routed to the CC&S. When the commanded increment 
is obtained, the CC&S commands the squib firing assem- 
bly to fire the normally-open propulsion valves, thus 
terminating engine burn. During the rocket engine firing, 

4 
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spacecraft attitude is maintained by the autopilot- 
controlled jet vanes. 

The sequence of events for the propulsion system 
after proper spacecraft orientation and up through thrust 
terriination is as foilows (Fig. 1): 

1. At the command signal from the CChS and squib 
firing assembly to ignite the rocket engine, 
normally-closed explosive valves 15, 8, and 4 are 
activated, aiiowing regulated nitrogen pressuriza- 

rocket engine, and injection of a small quantity 
of nitrogen tetroxide to the rocket engine. 

a:,... ,.E al.,. -..---ll"-t C",l, -..,.-,.ll"nt u,... t,. +I., 
LAW., V I  c1.e yIwybuUuL Lux-, y'""yb-"u"L U W V .  LW Y l r  

2. Hypergolic ignition ensues, followed by contin- 
uous catalytic decomposition of the anhydrous 
hydrazine. 

3. At the command signal from the CC&S and squib 
firing assembly to terminate rocket thrust, 
normally-open, explosively-actuated valves 18 and 
7 are activated, thereby terminating propellant 
flow to the rocket engine and isolating the re- 
maining pressure in the nitrogen sphere from the 
propellant tank. 

C. Description of Subassemblies 
Section I11 contains a detailed description of each 

component. This section discusses the major subassem- 
blies, which are identified in Figs. 2 and 3. 

The heart of the propulsion system is the monopro- 
pellant rocket engine. The design of this efficient, mini- 
mum size decomposition chamber for monopropellant 
hydrazine required determination of the optimum com- 
bination of injector design, catalyst bed sizing, and igni- 
tion system. The n o d e  expansion area ratio E is 44:l. 
This is not the optimum ratio; however, space limitations 
established this configuration. 

The requirement of zero-gravity ignition for the pro- 
pulsion system necessitated the development of a unique 

ignition system. This system utilizes 13-17 cm" of nitro- 
gen tetroxide contained within a metallic bellows which 
is pressurized by gaseous nitrogen. The outlet of the 
"cartridge" is sealed with a normally-closed, explosively- 
actuated valve. Energizing this valve allows the nitrogen 
to force the oxidizer out of a bellows reservoir and into 
the decomposition chamber where hypergolic ignition 
with the fuel occurs. 

The pressure regulator which regulates the flow of 
nitrogcn into thc f w l  tank -xas deve!~ped by JPL, while 
the ewplnsive vnlves were mnmifnrtwerl mmmercially' 
In the fuel circuit, a normally-closed and a normally- 
open valve are combined into a single body. The inlet 
port of the normally-closed valve is bolted directly to 
the propellant tank outlet manifold, while the normally- 
open section is connected directly to the engine flexible 
line inlet. The high-pressure nitrogen circuit utilizes a 
similar set of valves contained within a single body. In 
this case the valve bolts directly to the high-pressure 
tank manifold. The oxidizer start valve is a normally- 
closed unit. Since all the oxidizer is expended during en- 
gine start, there is no requirement for a normally-open 
unit. 

The jet vane actuators provide thrust vector control 
by use of vanes installed in the nozzle exit. The vanes are 
capable of a maximum pitch and yaw restoring moment 
about the vehicle center of gravity of 3.2 ft-lb, and a 
minimum roll moment of 0.1 ft-lb. 

The fuel tank and nitrogen tank temperature trans- 
ducers are bonded to the tank with epoxy cement. The 
purpose of the temperature transducers is to facilitate 
reduction of in-flight data in the calculations of gas 
pressure. The fuel tank and nitrogen tank pressure trans- 
ducers are threaded into their respective manifolds. The 
purpose of the pressure transducers is to transmit, via 
the spacecraft telemetry link, the pressure levels in the 
nitrogen and fuel tanks. These pressure levels are re- 
quired prior to launching and prior to committing the 
spacecraft to a midcourse maneuver. 

'Conax Corporation, Buffalo, New York. 
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Fig. 2. Ranger Block Ill propulsion system, view 1 
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Fig. 3. Ranger Block Ill propulsion system, view 2 
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START 
CARTRIDGE 

111. COMPONENT DEVELOPMENT AND TESTING 

------ PROOF AND VIBRATION LEAK -.-L CLEANAND - LEAK TESTS TEST TEST PACKAGE 

A. General 
The component designs were directed toward maxi- 

mizing reliability and obtaining performance reproduci- 
bility. Rigorous development tests were performed on 
the components to assure that the design goals were 
achieved. The requirement that personnel work in close 
vicinity of the loaded propulsion system led to the use 
of a minimum safety factor of 2.2 for the component 
design burst pressure. The propulsion system compo- 
nents described in this section include the rocket engine, 
start cartridge, nitrogen tank, propellant tank, bladder, 
pressure regulator, and explosively actuated valve 
assemblies. 

1 

Four component design changes were incorporated in 
the Block I11 midcourse propulsion system when com- 
pared with the Block I1 system: (1) a new pressure regu- 
lator was designed and built by JPL to replace a 
regulator manufactured by an industrial concern, (2) the 

f 

oxidizer start cartridge was redesigned to incorporate 
a positive-displacement bellows assembly, (3) protec- 
tive shields were inmrporated around the valve squibs, 
and (4) the fuel tank was increased in size to accommo- 
date a larger propellant load. Figures 4-5 and Tables 6-7 
show the test sequences and environmental levels to 
which all the components were subjected. 

VISUAL 

GAGE 
PRESSURE - 

5. Rocket h g i n e  
The rocket engine is a monopropellant device which 

decomposes anhydrous hydrazine. It consists of an in- 
jector for spraying the hydrazine into the chamber, a 
chamber which contains a quantity of catalyst to accel- 
erate the decomposition of the hydrazine, and a nozzle 
for expanding the gases. Ignition is achieved by inject- 
ing a small quantity of nitrogen tetroxide into the cham- 
ber. Figure 6 is a schematic diagram of the device. This 
engine is identical to that used on the Block I1 system, 

--I CLEAN AND 
PACKAGE 

CALIBRATION 
AND 

LEAK TESTS 

VIBRATION - TEMPERATURE CALI BRATI ON 
AND 

LEAK TESTS TEST TESTS 

PNEUMATIC 
REGULATCR 

FLOW AN) - LEAK TESTS - - 4 PROOF AND F W  - VIBRATION --c TEMPERATURE - LEAKTESTS - TESTS TEST TESTS 

FUEL TANK 
BLADDER 

VACUUM 

CYCLING 
AND PRESSURE - VISUAL PRESSURE AN3 - INSPECTION - LEAK TEST - 

INJECTOR 
OUALIFICATION 

TESTS 

ROCKET 
ENGINE --------------- PROOF AND 

LEAK TEST - - 

I ,  

EXPLOSIVE 
VALVES 

ASSEMBLY 

ALIGNMENT SYSTEM AND H TESTS LEAK I 

--I VIBRATION CLEAN AND --- FUNCTIONAL 

TEMPERATURE PACKAGE - TESTSAT - PROOF AND - LEAK TESTS -.) TEST 
1 -  

Fig. 5. Flight-acceptance test sequence 

PROPELLANT 
AND 

NITROGEN TANK 
- 

9 

-I HYDROSTATIC CLEAN AND ---------------- 
PROOF TESTS - PACKAGE 



J P L  TECHNICAL REPORT NO. 32-829 

26 in 

Table 6. Type-approval component test levels Table 7. Flight-acceptance component test levels 

Environmental test 

Bladder cycling 

Start cartridge cycling 

Transportation shock 

Transportation vibration 

Humidity 

Shock 

Static acceleration 

Vibration 

Temperature test 

Thermal shock 

Engine injector test 

Description 

50 cycles: pressure and vacuum 

100 cycles: pressure and vacuum 

42-in. drop, six times 

1.3-9 peak from 2 to 35 cps; 
3.0-9 peak from 35 to 48 cps; 

5.0-9 peak from 48 to 500 cps 

(The above vibration sweeps are sinusoidal for 
one hour i n  each of three arthoganal di- 
rections) 

Soak at 21°C and 95% humidity, 38°C and 

100 g, 0.5 to 1.5 msec, five times in each of 

14 g i n  three orthogonal directions, for 5 min 

l o w  frequency- 

95% humidity, 30 minutes 

three orthogonal directions 

each 

+- 1.5 in., 1 ta 4.4 cps, 3 min 
3-9 peak from 4.4 to 15 cps 

14-g-RMS noise, 18 sec 

2.0-g-RMS sinusoid 600 sec 
5.0-g-RMS naise 

9.0-g-RMS sinusoid 
14-g-RMS noise, 18 sec 

Complex wave- 

t 
-lO°C, 4 hours 
+75"C, 116 hours 
lo-' mm Hg 

+75"C to - lO°C,  return to + 7 ~  C 

C'= 4306 ft/sec, +0.3% at 30 sec steady 

P, variation limits = 2 2 %  

6.2 X 10% ft-' minimum 
6.8 X 10' ft-' maximum 

state 

Flaw constant (K) = 

'Sinusoidal wave Superimposed on noise. 

except for minor modification of the oxidizer spray noz- 
zle (2 gal/hr increase) and modification of the oxidizer 
and fuel line flange design. Tests indicated that the new 
oxidizer spray nozzle was effective in producing a better 
start transient and, consequently, smoother steady-state 
decomposition. 

The fuel injector consists of four 25-gal/hr, 30-deg 
hollow cone spray nozzles,3 equally spaced on a 1.40-in. 
diam. circle. A single 14-gal/hr, 60-deg hollow cone spray 
nozzle is located in the center for injecting nitrogen 
tetroxide into the engine for ignition. The injector is made 
of corrosion-resistant stainless steel (AIS1 347) with the 
interior surface coated with a 0.020-in. layer of zirconium 
oxide. 

"Delavan Manufacturing Company, Des Moines, Iowa. 
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Environmental test 

Bladder cycling 

Vibration 

Temperature tests 

Injector qualification test 

Description 

1 complete cycle: pressure and vacuum 

Complex wave: 
9.0-g-RMS noise, 6 sec 

1.5-gRMS sinusoid 200 sec 
3.0-g-RMS noise 

6.0-g-RMS sinusoid 

9.0-g-RMS noise, 6 sec 
i 

0°C. 2 hr 
55"C, 40 hr 

mm Hg 

C' = 4306 ft/sec, +0.3% at 30 rec steady 

P, variation limits f2%. 
Flaw constant (K) = 

6.2 X 10' ft-4 minimum 
6.8 X 10' ft-' maximum 

state 

'Sinusoidal wave superimposed on noire. 
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Fig. 6. Monopropellant-hydrazine 50-lb thrust 
rocket engine, schematic 
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The catalyst bed is 3.5 in.  long and has a ?.;-in. 
diameter. The cataJyst bed consists of JPL Tjrpe H-7+ 
spherical particles (‘:,+in. diameter) which are packed 
in a random-dense manner. I t  is prepared from a n  alum- 
inum oxide support impregnated with iron, nickel. and 
cobalt. The decomposition chamber is 0.031 in. thick 

of zirconium oxide is applied on the inside of the 
chamber. 

2nd is m2de cf Ha:,x~s ,4??o:,- s o .  25. ,? O.O2S-in. coating 

The contour of the divergent portion of the cshaust 
nozzle \vas optimized to deii\Ter a maximum thrust 

tions imposed b?? the spacecraft configuration. .I corn- 
puter program, based on the method of characteristics. 
\vas eniplo!~ed to determine the optimum nozzle contour 
for an allon.able length of 4.05 in. for the divergent 
nozzle. The nozzle contour selected resulted in a nozzle 
exit diameter of 2.904 in.. with an associated theoretical 
l lach number of 4.49 and thrust coefficient of 1.793. 

cocff-;dcc: co;;sis:en: \y;;h ;lie plj)-”& Z(jUi&l j. c,>l,& 

This rocket engine design was developed as a result 
of numerous tests. In these tests the following areas were 
investigated: (1) injector parameters, including single- 
spray jet designs and multispray jet designs, spray coarse- 
ness. distance of injector from the catalyst bed, and 
positions of jets in relation to chamber \vall: (21 catalyst 
types, particle sizes, and bed volumes; (3) chamber pres- 
sure; and (4) quantity and injection pressure of oxidizer 
used for ignition. .in external \<ew of the engine is 
shown in Fig. 7. 

Two rocket engines were subjected to TA testing. The 
first engine underwent the follo\\ing environmental 
tests: shock, static acceleration, boost phase vibration. 
and temperature-humidity. -4fter these tests were com- 
pleted, tlvo engine firings of 300-sec duration each and 
one of 100-sec duration were conducted. The first 300- 
sec firing was at  nominal chamber pressure (190 psia) 
and the second at 1.5 times nominal chamber pressure 
(285 psial. The purpose of these tests was to demonstrate 
the adequacy of the design by conducting firings for 
extended durations (three times the normal 100-sec burn 
duration) and at high chamber pressure in order to im- 
pose a severe stress-time condition for the materials. 
The third firing was a humidity-test firing. 

The second engine \vas subjected to flight-acceptance 
(F.4) tests consisting of an injector performance test and 
n boost-phase r-ibration test. One firing of 60-sec dura- 

’Available commt.rci;tlly from Harsha\\T Chrmical Company, Clevr- 
land, Ohio. 

0 1 2 3 4 s 6 
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Fig. 7. Fired rocket engine, external view 

tion was made \vith the engine installed in an inverted 
position. The purpose of this test was to demonstrate 
that, after shutdown, the propellant contained within 
the injector will vaporize without undergoing esplosi\.e 
decomposition as a result of heat soak into the injector 
from the hot catalyst bed. -111 tests ere successfull>- 
completed and the engine was considered qualified for 
flight. 

C. Oxidizer Start Cartridge 
The oxidizer start cartridge, sho\m schematically in 

Fig. 6, is a device \vhich injects 15 cni? of nitrogen 
tetroxide (S204\ into the rocket engine for ignition. It 
consists of a cylindrical reservoir \vhich contains a 
metallic bello\vs. This unit is fabricated of corrosion- 
resistant stainless steel (AIS1 347). The oxidizer is filled 

11 
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GASEOUS NITROGEN f- NITROGEN TETROXIDE 
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V A L E  ASSEMBLY 

VISUAL PRESSURE 

Fig. 8. Oxidizer start cartridge, sectioned view 

into the internal volume of the bellows and the cartridge 
is pressurized with gaseous nitrogen. For engine ignition, 
an explosive valve is actuated, which allows the nitrogen 
pressure to collapse the bellows and inject the nitrogen 
tetroxide into the engine. 

This unit was redesigned from the previous Ranger 
Block I1 midcourse propulsion system. The earlier start 
cartridge utilized a long, small-diameter tube to contain 
the oxidizer, and a burst diaphragm to seal off the oxi- 
dizer from the engine. It had been found difficult to ob- 
tain a good seal with the burst diaphragm. Also, it was 
necessary to expose the oxidizer to the atmosphere dur- 
ing filling operations. The oxidizer is very hygroscopic, 
and under conditions of high humidity such as that en- 
countered at the Eastern Test Range (ETR), there was 
a tendency for the oxidizer to absorb water from the 
atmosphere, and to form a highly corrosive solution. 

In the new design, the burst diaphragm has been elim- 
inated and the explosive valve, which previously sep- 
arated the oxidizer from the nitrogen gas, was used to 
seal the oxidizer from entering the engine. The new de- 
sign allows the oxidizer to be filled without exposure 
to the atmosphere. Figure 9 is an external view of the 
Block I11 start cartridge showing the nitrogen gas fill 
valve assembly and the visual pressure gage. 

The pressure gage is utilized to provide monitoring 
of the cartridge pressure prior to installation of the sys- 
tem into the spacecraft. It underwent a leak test and 
calibration prior to the environmental tests. The TA tests 
included static acceleration, transportation vibration, 
shock, temperature extremes, cycling, and an operational 
life-test. After completion of this series of tests, the gage 
was incorporated into the TA system. For flight accept- 
ance testing visual pressure gages were subjected to 
calibration, boost phase vibration, and tenperature tests. 

Several start cartridge assemblies were subjected to 
T A  testing. One assembly was subjected to the mechan- 
ical and environmental tests of cycling, shock, static 
acceleration, vibration, and leak tests. Following these 
tests, the assembly was cycled and leak-tested again. 
Subsequently, the assembly performance was demon- 
strated during engine ignition tests. A second assembly 
was filled with N,O, and the temperature was elevated 
to +165OF. It was determined from pressure and tem- 
perature measurements that a potential problem might 
occur at elevated temperatures due to the hydraulic 
expansion of the N,O,, forcing the bellows against the 
mechanical expansion stop and eventually causing fail- 
ure of the bellows. The correction for this problem was 
to incorporate a 1.4-cm3 fluid-removal step in the oxidizer 
fill procedure, thus allowing space for subsequent fluid 

12 
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Fig. 9. Oxidizer start cartridge, external view 

expansion. .4 third assembly \vas subjected to F-4 tests 
of boost-phase vibration and a leak test before installa- 
tion on the TA4 system. 

D. Nitrogen Tunk 
The nitrogen tank (Fig. 10) was sized such that with 

~naximum-duration propulsion system operation. the res- 
ervoir pressure of 3300 psia would deca\- to 100 psia. 
This resulted in a spherical tank with an internal diam- 
eter of 5-15 in. and a wall thichmess of 0.083 in. >laximum 
design operating pressure was 3600 psia, occurring at a 
temperature of + 135OF. The tank material is titanium 
alloy (Ti-GAI--IV). The tank design was verified when two 
tanks were burst at 9710 and 9850 psia. FA testing con- 
sisted of low-temperature liquid-nitrogen and ambient- 
temperature hydrostatic proof tests. 

E. Propellunt Tank 

For the Block 111 propulsion system the propellant 
quantitj- was increased from 13.5 to 21.5 Ib,. This pro- 
vided a maximum velocity increment of approsimately 
60 m, sec for a spacecraft weight of 800 Ib. In order to 
attain a maximum quantity within the available space, 
an oblate-spheroid design was employed, as on Block 11. 
The tank was fabricated of Ti-6A1-4V titanium alloy. 

0 I 2 
I I 1 

INCHES 

Fig. 10. Nitrogen tank, external view 

The tank has a major axis dimension of 13.16 in. and 
a minor axis dimension of 7.52 in., with a minimum wall 
thickness of 0.043 in. Figure 11 shows the external view 
of the fuel tank. The fuel tank nominal operating pres- 
sure is 305 psia. In addition to the propellant and blad- 
der volumes, an allowmce for 12% ullage .r-olunie was 

O l Z f 4 5 8  
I 1 I . l  I 

' W 3 E S  

Fig. 11. Propellant tank, external view 
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incorporated in the tank design, In order to avoid elec- 
trical or mechanical sequencing, the tank is prepressur- 
ized with nitrogen at a nominal pressure of 275 psia so 
that engine ignition and regulated-nitrogen pressuriza- 
tion of the propellant tank can occur simultaneously. The 
maximum tank pressure that could be encountered under 
maximum-temperature conditions would be 455 psia. 
The design burst pressure of the tank was 1000 psia. One 
tank was pressurized to the burst point, which occurred 
at 1755 psia, resulting in a safety factor of 3.86. FA test- 
ing consisted of a low-temperature liquid-nitrogen proof 
test and an ambient-temperature hydrostatic proof test. 

F. Bladder 
A cell-type elastomeric bladder was used to contain 

the propellant in order to accomplish fuel positioning 
in a zero-g field. This bladder is located within the pro- 
pellant tank and isolates the propellant from the nitrogen 
gas pressurant. During system operation, nitrogen gas 
under regulated pressure is admitted into the fuel tank 
where it collapses the bladder, forcing the propellant 
into the engine. 

As a result of a bladder-fuel incompatibility problem, 
which resulted in a gradual increase in the fuel tank 
pressure during the Mariner 11 and Ranger V flights, 
numerous tests were conducted on a variety of elasto- 
mers to determine their suitability as bladder materials. 
These specimens were subjected to compatibility and 
permeability tests. As the result of these tests, the num- 
ber of bladder material candidates was reduced to two 
possible elastomers: ethylene-propylene rubber (EPR) 
and butyl-rubber formulations. The EPR was found to be 
more compatible; however it was more than 30 times more 
permeable than the best butyl (FR 6-60-26).5 The butyl 
also possessed much greater tensile strength and elonga- 
tion capability. Since the F R  6-60-26 butyl caused only 
slight decomposition rates a t  expected Ranger spacecraft 
temperatures, this compound was selected for the pro- 
pulsion system. 

Since the compatibility test was performed with a 
small sample immersed in a glass vial of hydrazine, and 
is not directly comparable to the propellant tank case, 
an additional test was performed. In this test a fuel tank 
and bladder assembly was filled with hydrazine, pressur- 
ized to 275 psia, and stored at ambient conditions with 
the pressure of the tank being monitored on a daily basis. 
No pressure rise was noted after six months of storage. 

'Fargo Rubber Company, Los Angeles, California. 
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The bladder shape is an oblate spheroid with a major 
axis dimension of 12.88 in. and a minor axis dimension of 
7.36 in. The wall thickness of 0.035-in. is controlled by 
the molding techniques and is maintained as uniform as 
possible. The bladder is shown attached to the propel- 
lant tank manifold in Fig. 12. The bladder interior vol- 
ume was designed to exceed the maximum propellant 
volume by 5% (at 125OF) to ensure against bladder 
stretching if the system should be slightly overfilled. 
There are several meridional ribs on the exterior sur- 
face of the bladder. These ribs ensure that the pressuriz- 
ing gas will be able to flow to any portion of the bladder 
exterior. A mast protrudes from the tank outlet manifold 
into the interior of the bladder to prevent sealing of the 
outlet as the bladder collapses. The lip of the bladder 
outlet was molded into the shape of an O-ring. This pro- 
vides a means of attaching the bladder to the tank outlet 
manifold and seals the pressurizing gas and hydrazine 
fuel interface. 

Fig. 12. Fuel-tank bladder and manifold assembly 

TA testing of the bladder consisted of initial leak 
tests followed by 50 cycles of pressure-vacuum cycling. 
The bladder was then used in the TA-1 propulsion sys- 
tem and underwent tests described in Section IV-B. FA 
tests consisted of pressure-leak tests, vacuum and pres- 
sure cycling, and a final leak test. 

G. Manifolds 
Both nitrogen and fuel manifolds are fabricated of 

an aluminum alloy (6061-T6). The nitrogen manifold is 
bolted to the nitrogen tank and the explosively-actuated 
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X-alve is mounted directly to the manifold to fomi a 
positive seal. A pressure transducer is installed on the 
manifold to monitor the nitrogen pressure level during 
the spacecraft prelaunch and flight operations. 

I I 350‘ 

I 
300 r % 

I I I RANGER Ig (REGULATOR S/N 16) 

The mast described in Section 111-F above is mounted 
to the fuel manifold. The bladder is clamped to the 
manifold before the manifold is bolted to the propellant 
tank. The manifold has two integral fill-valve assemblies, 
one to admit anhydrous hydrazine into the bladder, and 
one to permit prepressurization of the propellant tank 
with gaseous nitrogen. -4s in the case of the nitrogen 
manifold, a pressure transducer is mounted to the mani- 
fold to monitor the tank pressure. Tit70 apertures are 
provided within the manifold to permit regulated nitro- 
gen gas flow into the tank and to allow fuel flow into 
the engine during system operation. Both manifolds were 
thoroughly tested in the propulsion system T.4 tests. 

H. Pneurnufic Regulator 

The pneumatic regulator for the Ranger Block I11 pro- 
pulsion system was designed and fabricated by JPL. The 
configuration developed provides consistent and repeat- 
able results by incorporating features that minimize fric- 
tion and hysteresis. A cutaway view of the component is 
shown in Fig. 13. This regulator maintains a constant 
pressure to the fuel tank of the propulsion system. nom- 
inally allowing 0.006 lb/’sec of gaseous nitrogen to flow. 
During flow, the supply pressure may decay from 3600 
psia to Yo psia abol-e the nominal outlet pressure of 
305 psia. Figure 14 shows t)-pica1 regulator performances 
during steady-state flow conditions; these represent the 
final calibrations of flight units prior to installation into 
flight propulsion systems. The regulator must also be 

Fig. 13. Pneumatic regulator, cutaway view 
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Fig. 14. Final performance calibrations of pressure 
regulator 

capable of shutting off flow and maintaining a minimal 
leakage not to exceed 10 std. cm’ hr of gaseous nitrogen 
(GNI) during this locked-up condition. 

The regulator is an all metal, unidirectional flow, 
normally-open type and operates in the following man- 
ner. The variable inlet pressure flows around the sap- 
phire ball and seat into the lowpressure outlet chamber. 
Impression of this pressure on the diaphragm effective 
area of 1.631 in.* causes movement of the push-rod 
assembly and results in controlled outlet pressure. The 
total travel between internal stops is 0.012 in. Displace- 
ment during operation is accomplished by flexure of the 
diaphragm along with the mechanical back-up config- 
uration. Predetermined outlet pressure is maintained by 
an equalizing force of 498 Ib, from the Belleville springs. 
Nonferrous structural materials are used primarily to 
minimize magnetic characteristics. 

During the preliminary phases of the regulator devel- 
opment program, di5culty was experienced in comply- 
ing with design performance requirements because of 
int6rnal leakage and nonuniformity of springs. To meet 
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the internal leakage rate specification, special fabrication 
and assembly techniques were developed, e.g., lapping 
the critical metallic seat area and making the final closure 
weld on the inlet side. Each unit was then assembled 
and completely tested under closely controlled con- 
ditions; the procedural methods minimized effects of 
contamination and resulted in compliance with the 
requirements. 

The regulator design and performance is predicated 
upon the load-deflection characteristics of nonlinear type 
(Belleville) springs operating in the negative-rate range 
as shown in Fig. 15. The spring package combination, 
utilizing solid film lubrication, consists of an average of 
18 precision springs that operate individually in a special 

e 
a- a 
0 
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e 
a- a 
0 
1 

H/t = 1.8 

TYPICAL DESIGN RANGE I/ 

TRAVEL, in.  

SEAT OPEN SEAT CLOSED 

Ii_- 
REGULATOR 

OPERATING 
RANGE 

NOMINAL SPRING RANGE 

DEFLECTION OR TRAVEL, in.  

Fig. 15. Typical and nominal design characteristics 
of regulator spring 

guide to minimize hysteresis. This supporting guide con- 
cept and arrangement was developed by JPL for this 
particular purpose. 

In order to provide uniform characteristics in the final 
composite spring package, the following steps were ad- 
hered to: 

1. Each spring was calibrated to determine its char- 
acteristics, because of the lack of reproducibility 
in the same manufacturing lot. Figure 16 shows the 
typical scatter of maximum load for 150 springs. 

2. The springs were then selectively matched based 
upon load, deflection, and slope determined from 
the individual calibrations. 

3. The spring package combination was then cali- 
brated as a complete unit. Figure 17 represents a 
typical final result. 

Each regulator was subjected to complete TA or FA 
test programs (Table 8) to assure satisfactory perform- 
ance prior to delivery. 

Table 8. Regulator test program 

Test sequence 

A. Performonce evaluation test 
1. Examination of product 
2. Proof pressure 
3. leakage test 

4. Operatian 
External leakage test 

a. Flow rote test A (calibration) 
b. Flaw rate test A-1 

5. Leakoge 
Internal leokage test A-1 

B. Flight environmental-boost phose 
1. Shock 
2. Static acceleration 
3. Vibration 
4. Flow rate lest A (calibration) 

C. Flight environment-space flight 
1. low temperature test 

Flow rate during test 
2. Flow rate test A (calibration) 
3. High temperature test 

Flow rate during test 
4. Flow rote test A (calibration) 
5. Vibration: 

Three-planes flow during test 
6. Flow rate test A (calibration) 
7. Internal leakoge test A 
8. Flow rote lest A (calibration) 
9. Flow rate and lockup test 

Test performed 

Type- 
approval 

Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
No 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 

Flight- 
approval 

Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 

No 
No 
Yes 
Yes 

Yes 
Yes 
No 
Yes 
Yes 
No 

No 
No 
Yes 
Yes 
Yes 
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Fig. 16. Typical scatter of design parameters for a batch of 150 Belleville springs 

1. Explosively-Actuated Valves 

Commercially available explosively-actuated valves” 
were employed to provide a positive seal. These valves 
operate in the following manner (refer to Figs. 18 and 19). 
Application of power to the squib installed in the 
nonnally-closed port causes it to &e and supply energy 
to move the normally-closed ram which shears through 
the parent-metal seal, and seats itself upon the threaded 
plug, thus allowing flow through the valve. For valve 
closure, a similar operation occurs, causing the normally- 
open ram to deform the metal seat area, forming a posi- 
tive seal. The valve body is fabricated of an aluminum 
alloy 6061-T6 and the operating parts are stainless steel. 
With the exception of the external sealing serrations 
and the ram bores, all external and internal surfaces of 
the valve body were anodized. Figures 1%21 show sec- 
tioned valves (one unfired fuel valve and one each of 
the expended valves). 

Approximately 560 firings were conducted with the 
explosive valves. Several sets of fuel, nitrogen, and oxi- 
dizer valves were subjected to TA tests. The formal 
TA program for the valves and squibs is indicated in 

OConax Corporation, Buffalo, New York. 

Table 9. During functional operation tests as part of this 
TA program, three nitrogen valves failed to close com- 
pletely. In addition, numerous squib ventings were en- 
countered and these are discussed subsequently. HOW- 
ever, the valve malfunctions occurred when the squibs 
did not vent. The nitrogen valve failures resulted in leak- 
ages through the valves of from 180 to more than 2760 
std. cm‘3/hr after the valve closing operation. Fortunately, 
the nitrogen valve closing cycle is the least critical valve 
function since the downstream pressure regulator allows 
a maximum leakage of only 10 std. cmj, hr. A combined 
failure of the nitrogen valve and the pressure regulator 
would have been required in order to cause fuel tank 
overpressurization and rupture. 

An extensive investigation was conducted to determine 
the cause of the nitrogen valve failures. The failed valves 
were sectioned to examine the internal nitrogen flow 
passage surface. It was found that the ram bore and seat 
had been erroneously anodized, thus preventing positive 
sealing. A rework removed the anodization. Subsequent 
tests of the reworked nitrogen valves resulted in satis- 
factory operation and sealing. The reworked valves were 
subsequently used in the flight propulsion systems. 

1 7  
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Fig. 17. typical spring package calibration, 
total of 18 springs 

During the test program a partial opening was ob- 
served in the normally-closed port of the fuel valve. 
However, full fuel flow was still achieved through the 
test system. This problem occurred only once during 
approximately 500 operations. 

J. Squibs 
The single-bridgewire squibs used on the early Ranger 

propulsion system were found to be unsuitable for 
sterilization, and the manufacturer was asked to supply 
another type of squib-one with two bridges, capable of 
withstanding higher temperatures. These new squibs 
were used for the first time in the successful Mariner ZI 
flight (August 1962) and again in the Ranger V flight 
(October 1962). During Ranger systems tests in mid- 
1963, however, it was found that the squibs had a tend- 
ency to vent or rupture. In two tests a small amount of 

rSWIE PORTS7 
NORMALLY - 

CLOSED F 

II 

Fig. 18. Unfired, explosively actuated propellant valve, 
sectioned view 

Fig. 19. Expended propellant valve, sectioned view 

gas blew back through the squib connector, and in one 
later test the connector and squib cable were blown 
away from the valve. Although the observed venting 
rate was low (about 4%), the possibility of such an occur- 
rence leading to either a valve failure, or damage to 
adjacent components, was a matter of serious concern- 
not only for Ranger, but also for future Mariner flights 
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- 
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Fig. 20. Expended nitrogen valve, sectioned view 

- 
INCHES 

Fig. 21. Expended oxidizer valve, sectioned view 

for which use of identical valves and squibs had been 
planned. 

A simplified sketch of a squib is shown in Fig. 22. Ap- 
plication of a firing current through the connector causes 
the explosive charge to ignite and burst its rupture disc, 
and the pressure developed by the explosive charge is 
used to cause movement of the ram to operate the valve. 
Squib rupture occurred when the strength of the squib 
seals was inadequate to contain the pressure developed; 
in some instances the connectors separated violently 

Table 9. Type-approval test program 
for squibs and valves 

Tests (in sequential order) 

fxamination 

Magnetic inspection 

Radiographic examination 

Electrical tests: 
m-- - , . Y Y I I I  'S"'p,S'"'"'S ._ - - - __. . . - - 
law temperature 
High temperoture 

Proof pressure, volve bodies 

Leak test, volve bodies 

No-fire pulse test 

Squib no-fire 
50% firing curve 

50% no-fire 
50% oll-fire: 

Room temperoture 
Law temperature 
High temperature 

Autoignition temperoture 

40-ft drop 

Accelerated high-temperoture deterioration 

Temperature altitude test 

Bench handling 

42-in. drop test 

Transportation vibration 

Temperature shock 

Salt fog 

Temperature-humidity 

Shock 

Static acceleration 

Vibration 

Magnetic inspection 

No-fire pulse test 

Electrical tests 

Sampling tests: squib oll-fire 

Squib operotion: 
Law temperoture 
Room temperoture 
High temperoture 

Integrity tests: 
Low temperoture 

High temperature 

Assembly operation: 
Low temperature 

Room temperature 
High temperoture 

Magnetic inspection 

Temperature shack 

Leok test valve bodies 

Storage 

Number of units 

Indi- 
ridual 
iquibs 

168 

168 

168 

- 

1 1 0  
I O 0  

6 

6 

- 
- 
98 

78 

6 
6 

6 
6 

6 
6 

5 

5 

5 

- 
56 

56 

40 

7 

9 

56 

56 

56 

- 
31 

86 

40 

6 

6 
6 

6 
6 

- 
- 
- 
40 

- 
- 
40 - 
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WIRE LEADS 

EXPLOSIVE 
CHARGE CONTAINER 

CONNECTOR - SQUIB BODY 

Fig. 22. Dual-bridgewire squib assembly, cutaway view 

Fig. 23. Squib failure contained within the blast shield 

from the squib bodies (Fig. 23). Examination of the 
squibs and valves (all supplied by one manufacturer; 
as proprietary items) showed that the operating pressures 
were much higher than could be reliably contained by 
state-of-the-art squib seals. Development of a new valve- 
squib combination was immediately undertaken for use 
on future Mariner flights, but schedules did not allow 
such an approach for Ranger. Efforts to obtain an im- 
proved seal on an urgent basis for the Ranger program 
were unsuccessful, and consequently the decision was 
made to continue use of the same type of squib, but to 
establish stringent quality control procedures and to pro- 
vide “blast shields” on the valves so that ejected debris, 
if any, would be contained. 

‘Conas Corporation, B~iffdo, New York. 
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A new lot of squibs was purchased and subjected to 
comprehensive TA and FA test programs, which were 
closely coordinated with similar TA and FA test pro- 
grams for the valves. No significant problems were noted 
during the squib test program, during which many 
squibs were fired in blind chambers simulating tests in 
valves; but in the valve FA tests, a squib vent or rupture 
rate of about 16% was recorded. 

The question of why the failure rate had increased 
from 4 to 16% in spite of improved quality control was 
answered after an intensive investigation was under- 
taken which revealed unsuspected weaknesses-not in 
the squib (whose weaknesses were known), but rather 
in the valves. The valves were found to be sensitive to 
(1) minor variations in the torque applied to mounting 
bolts, (2) the fit of tools used for assembly, (3) the quan- 
tity of squib thread lubricant, and (4) the fit of the blast 
shields. These sensitivities manifested themselves by an 
increase in pressure, thus increasing the tendency for the 
squib to rupture. 

The manufacturer had concurrently developed a new 
process for “potting” the epoxy squib seals, and tests of 
a small lot of squibs manufactured by the new process 
showed that voids in the epoxy were smaller and less 
common than before. The number of samples available 
did not allow a firm conclusion as to whether the integ- 
rity of the squibs had or had not been improved, but it 
was decided to obtain a flight lot manufactured by the 
new process. 

Because manufacture and testing of the new lot of 
squibs was not completed until June 1964, Ranger VI 
was flown with squibs from the first lot, extreme care 
being taken in handling and installation of both squibs 
and valves; the squibs apparently functioned satisfac- 
torily. This new lot of squibs was subsequently used in 
the midcourse systems of Rangers V l l ,  V l l l ,  and ZX. 
Extreme care was again exercised in the handling and 
installation of valves and squibs. If any of the squibs did 
rupture in service, they produced no apparent adverse 
effects on their spacecraft. 

K. Blast Shields 
During the system and valve assembly tests, an alarm- 

ing number of squib failures were noted, as previously 
described. It was decided to provide some sort of shield- 
ing device around the squib assembly to prevent the 
connector and debris from damaging the adjacent squib 
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asembly or other spacecraft components if a yquib fail- 
ure should occur during flight. These shields are alunii- 
num bo\;-like devices that are attached to the explosive 
valves. The blast shields for the three valves arc shown 
in Figs. 2-26. 

in  order to provide design verification, a biast shield 
attached to the nitrogen valve was subjected to a squib 
failure by increasing the severity of operating conditions 
such that the squib would vent. The squib failed in the 
most severe manner; the connector was blown off the 
body with considerable force. The blast shield design 
proved capable of containing the connector and protect- 
ing the adjacent squib (Fig. 2 3 ) .  

0 I 2 i 
I I I I "  

~ 

INCHES 

- 
INCHES 

Fig. 26. Blast shield for oxidizer valve 

L. Miscellaneous Components 

In addition to the major components described above. 
the following components were installed on the propul- 
sion system: 

1. Fill Valve Assembly 

Five manually operated fill valves were incorporated 
onto the propulsion system. (A sectioned view of a typi- 
cal fill valve is shmvn in Fig. 2'7.) They were used to fill 
the propellant tank with anhydrous hydrazine, to pre- 
pressurize the propellant tank with nitrogen, to fill the start 
cartridge with nitrogen tetroxide. to pressurize the 
start cartridge with nitrogen, and to fill the pressurant 

Fig. 24. Blast shield for propellant valve 

VALVE BODY 
(ALUM I N UM) 

. 
0 I - 

INCHES 

Fig. 25. Blast shield for nitrogen valve 

7 O-RING 

FLAT GASKET 

NEEDLE VALVE 

Fig. 27. Fill valve assembly, cutaway view 
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tank with nitrogen. The valve body is made of 6061-T6 
aluminum alloy and the needle valve is made of 17-4-PH 
stainless steel. The softer valve body material provides 
an excellent sealing surface for the stainless steel needle 
valve. A silastic O-ring attached to the needle valve pro- 
vides a peripheral seal during the time when the valve 
is open. A cap assembly provides a redundant seal. 

2. Filters (Screens) 

Filters were utilized in order to keep possible debris 
generated by the explosively-actuated valves from en- 
tering critical components. Two Poroloy' 10-p filters 
were installed upstream of the pressure regulator assem- 
bly. A 10-mesh and a 100-mesh screen were located in 
the fuel line upstream of the injector, while a 20-mesh 
and a 100-mesh screen were installed in the oxidizer tube 
leading to the injector. All screens were made of 
corrosion-resistant stainless steel AISI 347. 

3. Metallic Crush Gaskets 

Metallic crush gaskets were used to seal the joining 
flange surfaces of the components. They were made of 
1100-H14 aluminum alloy, and placed on recessed, ser- 
rated flange surfaces. The serrations consist of sharp- 
edge dual concentric rings which deform the aluminum 
seal when the components are bolted together. 

4. Thrust Plate 

The thrust plate was made from AZ3lB magnesium 
alloy. In addition to providing a mounting structure for 
the rocket engine, this rigid structure supports the fuel 
tank brackets, jet vane servo support, start cartridge, 
pressure regulator, and nitrogen tank. It is also utilized 
to align the propulsion system within the spacecraft. The 
thrust plate with three fuel tank brackets is shown in 
Fig. 28. 

5. Flexible Fuel Line 

A flexible, Teflon-lined, wire-jacketed fuel line is used 
between the explosively-actuated fuel valve assembly 

"Model 12380, Bendix Filter Division, hladison Heights, hlichigan. 

Fig. 28. Thrust plate and fuel-tank bracket assembly 

and the rocket engine. During the Block I1 propulsion 
system tests, the fuel inlet tubing to the engine ruptured 
as a result of an instantaneous overpressure created by 
the rapid functioning of the explosively-actuated valve. 
Subsequent tests performed with a flexible fuel line 
installed in the system resolved this problem. This per- 
mitted the line to absorb the energy of overpressurization. 

6. Nitrogen Tank Strap 

A spider strap unit is used to hold the nitrogen tank 
in place upon the thrust plate. It consists of three metallic 
strips, located 120 deg apart. Each strip is of 0.50-in. 
width and 0.031-in. thickness, and is fabricated of stain- 
less steel AISI 347, with a stud at the end. 

7. Belleville-Spring Assembly 

This assembly is utilized to spring-load the nitrogen 
tank strap to the thrust structure. With the proper set- 
ting on the spring, the assembly is maintained at a nearly 
constant tension irrespective of any pressure differential 
or temperature change. Four Belleville springs are used 
per strap. 

22 
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IV. SYSTEM TESTING 

As discussed previously, the basic philosophy govern- 
ing the testing performed on the Ranger propulsion sys- 
tem was one of selective assembly and minimum 
handling prior to fueling operations. But during the 
design review period following Ranger Block 11, it was 
concluded that a more exhaustive TA test program 
would demonstrate an adequate design margin. This 
:c\+sc~ test F i G S z i  coiisisted of tiiio miij~r parts- 
mmpnnent T A  and F A  tpstin_g, zn_A y 7 ~ t ~ m  T-4 mrt_ FP_ 
testing. Test levels are summarized in Table 10. Com- 
ponent tests were described in Section 111; this section 
discusses some of the key tests performed on the system 
level. 

A. System Type-Approval and Flight-Acceptance 
Testing 

Two propulsion systems were subjected to TA testing. 
One system, designated TA-1, was assembled of com- 
ponents which had previously passed either TA or FA 
tests. This system was then subjected to environmental 
L~:JLJ,  =hi& a e  detailed in Section 1 below-. A sawnd 
cwctem JDcip-2tp.l T-4-2, y g ~  z.spmh!p.l of zmp~npnts 
which had previously passed FA testing. Complete sys- 
tem kings over the design range of initial tank pressur- 
ization levels were conducted with this system. Figure 29 
is a schematic diagram of the system test configuration. 

L - ̂A^ 

-J ------) ---- 

MV-74 SOLENOlD 
VALVE (NO) (TYP) 

SUPPLY 

INSTRUMEWATION LIST 
PRESSURE TRANSWQRS 
n 

@NITROGEN TANK 

THXMOCOUPLES 

VALVE 
VALVE (NORMALLY-CLOSED) 

~NoRyALLY-oPpo 

Fig. 29. Test configuration for system type-approval firing tests 
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Transportation shock 

Transportation vibration 

Static acceleration 

Table 10. Type-approval system test levels 

30-in. drop, six times (unserviced system) 

1.3-9 peak from 2 to 35 cps 
3.0-9 peak from 35 to 48 cps 
5.0-9 peak from 48 to 500 cps 
Sinusoidal, 1 hr in each of three directions 

(unserviced condition) 

14 g in three orthogonol directions, for 5 min 
(fuel tank ond start cartridge filled with 
water ot flight levels) 

Environmental test I Description 

Shock 100-g, 0.5 to 1.5 msec, five times in each of 
three orthogonol directions (fuel tank and 
start cortridge filled with water at flight 
levels) 

Environmental test 

Vibration 

Description 

X-axis: 

1 
1 
1 

1.35-g-RMS sinusoid 20-50 cps 
3.0-g-RMS sinusoid 50-80-50 cps 
1.35-g-RMS sinusoid 50-20 cps 

7 min 

Y-axis: 

1.35-g-RMS sinusoid 20-50 cps 
5.0-g-RMS sinusoid 50-80-50 cps 
1.35-g-RMS sinusoid 50-20 cps 

7 min 

Z-axis: 

6.0-g-RMS sinusoid 50-80-50 cps 
2.70-g-RMS sinusoid 20-50 cps 

2.70-g-RMS sinusoid 50-20 cps 

(Filled with propellants at high levels) 

7 min 

Fig. 30. System installed in shipping container 
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I-por? completion of the T.\-2 s!-stem firings. the system 
\vas used in a storagr test. 

1. TA-I System 

Vpon completion of the assembl>-, this system \vas 
placed into a shipping container similar to that shoivn 
in Fig. 30 and subjected to transportation and handling 
tests. Figures 3133 show the q-stem configuration for 
the shock, static acceleration, and low- and high- 
frequency vibration tests. After each of these tests. a 
thnrni-igh leal- check x x r i c  p&nmxd. &!:r =::e =i:cn;a!*,- 
occurred: a small leak in the nitrogen circiiit n f t m  the  
low-frequency vibration test. The seal was replaced and 
the test \vas successfully renin. So structural damage 
\vas noted during this series of tests" on the T-4-1 system. 
After completion of the vibration tests. the sJ-steni was 
subjected to temperature tests and then fired at high and 
Ioiv temperatures. Firings were made at 2 40. - 70. and 

167". Performance was satisfactor>- in each case. 

2. TA-2 System 

The Ta\-9 system was fired initially three times-once 
at nominal pressure levels, again at expected maximum 

"The system \\-a\ subjected to t\vo vibration cyles-one \i-ith pro- 
pellants and lt-ith G S ,  pressurization, and one Ivithout propellant. 
mid without GN, presqlrization. 

t 

Fig. 31. System shock-test configuration 

Fig. 32. System static-acceleration-test 
configuration 

f 

Fig. 33. System vibration-test 
configuration 
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pressure levels, and the third time at expected mini- 
mum pressure levels. The system underwent these firings 
with no problems. Subsequent to the above-mentioned fir- 
ings, the system was fueled and pressurized to the nominal 
levels, and then stored at JPL Edwards Test Station at 
ambient temperature and pressure for 30 days. On re- 
moval of the system from storage, an attempt was made 
to conduct a firing; however no fuel flow was obtained. 
This problem was traced to a clogged fuel screen. It was 
determined that the clogging was caused by trapped 
explosive-valve particulate matter, resulting from the 
previous three firings, A new screen and fuel line were 
installed and the system performed successfully. This 
problem was not considered to be a flight hardware 
problem since one start would not produce enough mate- 
rial to clog the fuel screen significantly. 

The TA-2 system was also used to demonstrate the 
compatibility of the explosive-valve squib blast shields 
with their respective squib-valve combination. A fre- 
quency sweep through the TA low- and high-frequency 
vibration levels was made with the system loaded to its 
nominal value. After the vibration test, a hot firing was 
made. The performance of the system was normal. 

6. Vacuum Performance Testing 

1. System Vacuum Firings 

Complete system tests were made at a vacuum cham- 
ber facilitylO with a Ranger TA propulsion system. These 

'"Sunstrand Corporation, Pacoima, California. 

Fig. 34. Engine vacuum-test configuration 
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tests were divided into three categories: (1) rocket en- 
gine performance tests (all flight-type components were 
employed with the exception of an externally located 
fuel tank); (2) the same configuration as above, but with 
the addition of a jet vane force-measuring device; and 
(3) tests of the complete flight-type propulsion system. 
The entire system operated normally under simulated 
vacuum conditions (equivalent to + 100,000 ft altitude). 
No excessive heat transfer was noted to any of the close- 
coupled components (regulator, fuel tank, or GN, tank). 
The ignition transients and system operation were iden- 
tical to those tests at atmospheric pressure. 

2. Engine Vacuum Firings 

Table 11 illustrates the results of a series of vacuum- 
environment engine-firing tests that were conducted at 
JPL Edwards Test Station. The test setup, including the 
thrust stand, is shown within the vacuum tank in Fig. 34. 
The testing was divided into three different phases: 
Phase I consisted of three rocket engine ignition tests. 
These tests determined the vacuum ignition character- 
istics of the Ranger engine with the fuel explosive valve 
connected to the rocket engine by a flexline (see Section 
111). This mounting simulated the Ranger propulsion 
system installation. Phase I1 consisted of engine firings 
to determine the performance parameters of the Ranger 
44:l expansion area ratio engine (Table 11-Runs Dd 28 

V. FLIGHT 

A. Preflight Preparation 

Prior to shipment of the propulsion system to the 
Eastern Test Range (ETR, Cape Kennedy, Florida) a 
preshipment leak test was performed. This was the first 
leak test performed subsequent to the final assembly 
leak test. In general, two techniques are utilized to dis- 
cover leaks. In the first case, a soap solution" is applied 
to external fittings, caps, etc., and these areas are ob- 
served carefully for 3 min. Any leaks of sufficient magni- 

through Dd 31). In Phase 111, four engine firings were 
conducted to determine the jet vane lift and drag char- 
acteristics. During each firing, the jet vane angle-of- 
attack was varied from -25 to f 2 5  deg (tests Dd 39 
through Dd 42). Figure 35 is a plot of the lift and drag 
characteristics of the jet vanes. 

0 4 8 12 16 20 24 

ANGLE, deg 

Fig. 35. Force on each jet vane as a function of 
angle of attack 

OPERATIONS 

on the various tank ports with the outlet end of the tube 
submerged in a liquid, usually isopropyl alcohol. Any 
leakage through the fitting is evident by movement of 
the meniscus at the end of the tube. Normally a 3-min 
observation period is used. A typical leak check is 
divided into three main areas: the fuel tank, the oxidizer 
start system, and the nitrogen tank. A detailed discussion 
of the leak check procedure is provided in Section I 
of the Appendix. - 

tude to endanger the mission are evident by a frothing 
or bubbling of the solution. The second technique uti- After the preshipment leak check on the propulsion 
lizes a small transparent tube assembly which is installed system has been completed, the unit is installed in 

the spacecraft for shipment by van to ETR. (When the 
"SNOOP, Nuclear Products Corporation, Clcveland, Ohio. spacecraft arrives at ETR, the propulsion system is 

I 
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removed and another leak check is performed, identical to 
the preshipment leak check discussed in Section I of the 
Appendix.) 

Next the propulsion system is prepared for spacecraft 
system testing in the following manner: the nitrogen 
tank is pressurized to 200 psia with nitrogen, and the 
fuel tank is pressurized on both sides of the bladder to 
100 psia with nitrogen by using the ground support 
equipment (GSE) leak check assembly (described in 
Section I nf fie Appen&x, and shn\m_ in Fig. -4-1). T%e 
above pressure levels are minimum levels which allow 
pressure transducer evaluation during spacecraft system 
testing. 

After the spacecraft has undergone the prescribed 
system tests in the checkout facility, the propulsion sys- 
tem is removed and delivered to the ETR Explosive Safe 
Facility propulsion laboratory for &ght preparation. If 
no loss in pressure has been detected from the spacecraft 
telemetry, the unit is prepared for explosive valve squib 
installation. The nitrogen and fuel tanks are vented to 
zero psig, the GSE leak check assembly is removed, the 
needle valves are closed, and the associated ports are 
capped. A verification is made that the squib harness 
has performed properly during the spacecraft system 
testing and that a resistance check of the explosive valve 
squibs has been performed by the pyrotechnic group. 
Simulated-squibs are then removed, squib gaskets and 
threads are lubricated with Fluoro1ube12, and flight squibs 
are installed using 27 2 ft-lb of torque. The squibs and 
triggers are then lockwired in place, squib connectors are 
mated, and bridgewire measurements are made. After the 
nitrogen valve and propellant valve blast shields are 
installed, a final leak check is made; again it is identical 
to the postshipment leak check. If no leaks are detected, 
the unit is ready for propellant filling. The three main 
propellant filling operations are oxidizer start cartridge 
filling, fuel tank bladder passivation, and fuel tank filling. 
A detailed discussion of the propellant filling operations 
is provided in Section I1 of the Appendix. 

The nitrogen pressurization operation consists of pres- 
surizing (1) the oxidizer start system nitrogen reservoir, 
(2) the fuel tank, and (3) the nitrogen tank. The oxidizer 
cartridge is pressurized at a rate not exceeding 180 psi/ 
min, until a pressure level of 375 psia at  70°F is attained. 
Next, the fuel tank is pressurized at a rate not exceeding 
20 psi/&, until a pressure level of 275 psia at 70°F is 
reached. Finally, the nitrogen tank is pressurized a t  a 

“Hooker Chemical Company, New York. 

rate not exceeding 60 psi/min, until a pressure level of 
3300 psia at 70°F is achieved. 

The h a 1  propulsion system operations are then per- 
formed. All needle valve caps are lockwired, and a final 
inspection is accomplished. At this time, the final weight 
of the propulsion system is determined. After the trans- 
ducer and visual pressure gage readings are recorded, the 
system is stored in the propulsion lab and monitored for 
a minimum of 24 hr before it is delivered to the spacecraft 
area. 

Several spacecraft tests are performed for several days 
prior to launch, both in the explosive-safe area and on the 
pad. During these tests, spacecraft power is usually 
turned on, and the propulsion parameters are available. 
In this manner, it can be determined whether any leaks 
have developed in the fuel or nitrogen tank, and whether 
any corrective action need be taken. During the pre- 
launch countdown, the propulsion parameters are moni- 
tored both at the spacecraft checkout facility at ETR and 
at  the Space Flight Operations Facility (SFOF) at  JPL. 

B. Space Flight Operations 

SFOF, located at  JPL in Pasadena, California. 
After launch, control of the spacecraft is assumed by 

During the flight operations, it is possible for SFOF 
to monitor the nitrogen tank pressure, the fuel tank pres- 
sure, and the fuel tank temperature by way of telemetry 
data presented on a teletype (T”) machine. During the 
midcourse phase of the mission, a high-speed data rate 
output of fuel tank pressure, nitrogen tank pressure, and 
nitrogen tank temperature is available on a Stromberg- 
Carlson 3070. The midcourse pyrotechnic start and stop 
commands and events are viewed on an analog recorder. 

By knowing the weight of fuel on board the propulsion 
system, the spacecraft weight, the estimation of jet vane 
drag, and the system temperatures and pressures, and by 
utilizing the propulsion in-fight procedure, one can com- 
pute the maximum velocity increment capability of the 
system as well as the expected tailoff velocity. Since the 
spacecraft utilizes an integrating accelerometer system, 
the tailoff velocity must be subtracted from the required 
velocity to determine the programmed velocity incre- 
ment. The tailoff velocity includes the thrust chamber 
tailoff and the time delay of the command from the cen- 
tral computer and sequencer (CC%S) to the pyrotechnic 
control, and from the pyrotechnic control to the explosive 
squibs along with the squib delay, After the velocity 
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which is required for the mission is known, prediction of 
the following parameters may be made: engine burn time, 
propellant consumption, final nitrogen tank pressure im- 
mediately after burn, and regulated fuel tank pressure. 
If any changes occur in the velocity requirement for the 
mission, iterations of the propulsion parameters must be 
made. Thus, when the motor burn occurs it is possible to 
determine immediately, by comparison of actual and pre- 
dicted data, whether the operation was normal. 

C. Flight Performance 

The flight performance of the Ranger Block I11 pro- 
pulsion systems is summarized in Table 12. It  can be 
seen that all the systems performed very satisfactorily, 
and the accuracy of the velocity increments imparted to 
the spacecraft were well within the design tolerance. 
When looking at the comparison of actual burn time with 
predicted burn time, it should be noted that the predicted 

Table 12. Propulsion-system flight performance summary 

Spacecraft 

Ranger V I  

Ranger VI1 

Ranger Vll l  

Ranger I X  

Velocity 
required 
4vl<l*.al 

m/sec 

41.27 

29.89 

36.44 

18.15 

Actual 
velocity 

m/sec 
AVwt 

41.23 

29.82 

36.48 

18.15 

Predicted 
burn time 

sec 
t b  pred 

67.0 

48.6 

59.5 

30.6 

Actual 
burn time 

sec 
t h  a c t  

69.0 

50.0 
61 .O 
30.0 

Predicted 
regulated 
pressure 
Preg p r 4  

psia 

301 

306 

302 

305 

Actual 
regulated 
pressure 
Pre, s e t  

psia 

303 

301 

- 
299 

Predicted final 
Nz tank 
pressure 

psia 

1550 

1815 

1620 

2230 

P X 2  P.Pd 

Actual final 
Nz tank 
pressure 
PN2 a c t  

pria 

1305 

1700 

- 
2200 

Notes: 
1.  Actual nitrogen tank pressure and regulated fuel lank pressure data are unavailable for Ranger V I I I .  
2. Resolution of the nitrogen tank transducer i s  50 psi. 
3. Resolution of the fuel tank transducer i s  6 psi. 
4. Actual burn time i s  calculated as the difference between squib-firing event blips. 

2 20 1 
12:30: 00 : 05 : 10 :I5 : 20 : 25 :30 :35 : 40 :45 : 50 

GREENWICH MEAN TIME 

Fig. 36. Ranger I X  propulsion-system fuel-tank pressure during engine firing 
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burn time depends not only upon the regulated gas pres- 
sure but also upon the estimated average jet vane drag. 
During the course of the program, refinements were made 
in the estimation of the burn time. In the earlier flights, 
the estimate of the specific impulse (Z8J was too opti- 
mistic, but an unintentional compensation was made by 
making a very conservative estimate of the jet vane drag. 
For Ranger ZX, enough information had been determined 
from previous flights to enable a much better prediction 
of burn time. Typical fuel tank pressure and nitrogen tank 

Figs. 36 2nd 37, which employ actual flisht data from 
Ranger ZX. 

presswe plot przBes dwing rnQttcT EILI are shorm ia 

D. Problems €ncountered 
During any operation, certain problems occur that are 

not anticipated, and often there is sufficient time to only 
make an immediate repair, rather than accomplish rede- 
sign and requalification. The most severe problems of 

that utilized K-seals'". Examples of such problems dis- 
covered on Ranger VZZI follow. (Ranger ZX encountered 
similar problems.) 

When the postshipment leak check was performed on 
Rangcv I7ZIZ, two leaks were noted: (I) at the K-seal be- 
tween the oxidizer start cartridge body and the explosive 
valve, and (2) at the nitrogen tank fill valve dynamic 
O-ring seal. Both were repaired and satisfactorily leak- 
checked. 

However, during the course of the actual propellant 
filling operations on Ranger VZZZ, four more leaks devel- 
oped: (1) An oxidizer leak at the K-seal between the start 
cartridge and explosive valve was detected with methyl 
orange indicator paper. The oxidizer was removed and 
the K-seal replaced. (2) A helium-soap-bubble test de- 
tected a leak at the same location. The start cartridge was 
removed and the explosive-valve seat was polished. After 

this class encountered during Ranger Block I11 propul- 
sion activities involved oxidizer leakage through joints "'Harrison Manufacturing Company, Barbank, California. 

2000 I I I I I I I I I I 
12:30:00 :05 :io 25 :20 : 25 : 30 :35 :so : 45 : 50 

GREENWICH MEAN TIME 

Fig. 37. Ranger IX  propulsion-system nitrogen-tank pressure decay during engine firing 
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reassembly, a helium-soap-bubble leak check indicated 
that all fittings were tight. Oxidizer was refilled. (3)  A 
leak was detected at the fill port assembly K-seal with 
methyl orange paper. The oxidizer was removed, and the 
seat on the explosive valve was polished. The fill port was 
reinstalled with a new K-seal, and a helium-soap-bubble 
leak check showed that all seals were tight. Oxidizer was 
again refilled, and no leaks were detected with the methyl 
orange paper. (4) A nitrogen leak was discovered at the 
nitrogen tank fill valve K-seal. The pressure was vented, 
the K-seal removed, the seat polished, and a new K-seal 
installed. The tank was repressurized to 3300 psig with 
nitrogen, and no leaks were found. 

As an outcome of the discovery that an oxidizer leak 
could be detected with methyl orange indicator paper 
but not predicted by the helium-soap-bubble technique, 

a study was conducted to determine the sensitivity of the 
two methods of leak detection. 

A specialist was consulted about test sensitivities re- 
garding the mass spectrometer evacuated probe, com- 
mercial soap-bubble solutions, and methyl orange test 
paper (Ref. 7). It was determined that (1) the mass spec- 
trometer is sensitive to 10-5-10-7 std. cm3/sec of helium, 
depending on operator techniques and test methods, (2) 
the commercial soap solution bubble test is sensitive to 

std. cm3/sec of helium, and (3)  the methyl orange 
paper is sensitive to 10-5-10-6 std. cm3/sec of N,04. It is 
evident, then, that the helium-soap-bubble test could not 
be expected to detect very minute oxidizer leaks which 
would cause a color change on the indicator paper. Sec- 
tion 3 of the Appendix describes tests performed on actual 
Ranger hardware, which verified these predictions. 
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APPEND!X 

1. LEAK CHECK PROCEDURE 

/!. F d  TQSk The nitrogen supplv is vented and the supply line re- 

The fuel tank leak check is facilitated by using a special 
Ground Support Equipment (GSE) assenib1)- on the fuel 
tank manifold (Fig. <4-1). This allow pressurization to 
occur on both sides of the bladder and eliminates an? 
pressure differential, as may be seen in Fig. -4-2. The fuel 
tank is slow-iy pressurized to ZW psig from a 0- to N O -  
psig nitrogen source. ‘4 soap solution is then applied to 

moved. -4 tube is installed on the GSE assembly valve and 
a leak check is made to verifi that no leakage exists across 
the seats of the needle valves. Then the GSE valve is 
closed. the tube is removed from the assembly, and the 

E!! 2-d prepressgrizat.:og ~ p p d j p  x d x - p s  are opened. 
The tank and bladder are vented to 0 psig bv slowlv 
opening the GSE valve. 

all esternal fittings in the fuel tank circuit including the 
fuel tank pressure re_gulator. If no leaks are observed. 
the fuel fill and prepressurization needle valves are closed. 

The leak check assembly is then removed from the 
fuel tank manifold so that a leak check of the bladder 

Fig. A-7. Fuel-tank leak-check assembly 
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0-3500 psig 
He SOURCE 

I I  

FUEL TANK LEA 
CHECK ASSEMB 

*FUEL FILL PORT - 1  - A. 
PRESSURIZATION 

OXIDIZER 
CARTRIDGE 7 PORT7 

PRESSURIZATION 
PORT 

f 
PI -NITROGEN TANK PRESSURE 

K- - TRANSDUCER 

P*-FUEL TANK PRESSURE TRANSDUCER LOXIDIZER 
9-OXIDIZER PRESSURE GAGE 1 \ FILL PORT OF,,, 

0-500 psig 
He SOURCE 

Fig. A-2. Propulsion-system leak-check schematic 

may be accomplished. A 0- to 3-psig nitrogen source is 
connected to the fuel fill port, and a tube is attached to 
the prepressurization port. The bladder is pressurized to 
1/4 psig and the fuel fill needle valve is closed. If no 
leakage is detected, the lines are removed, and the needle 
valves are closed and capped. 

B. Oxidizer Start Cartridge 
The leak check operation of the oxidizer start cartridge 

is initiated by removing the caps from the pressurization 
port and needle valve, and the oxidizer fill port and needle 
valve. With both needle valves open, a 0- to 500-psig 
helium supply is connected to the pressurization port and 
the nitrogen reservoir is slowly pressurized to 375 psig. 
A soap solution is applied to all external fittings in the 
oxidizer nitrogen system to verify that no leaks exist. 

The pressurization needle valve is then closed, and the 
helium supply line is vented and removed from the port. 
A tube is attached to the pressurization port and a leak 
check is made to verify that no leakage exists across the 
needle valve seat. The tube is removed from the pres- 
surization port and installed on the oxidizer fill port. 

A 3-min leak check is made to verify that no leakage 
exists through the oxidizer bellows. The tube is removed, 
and a 0- to 500-psig helium supply is connected to the 
oxidizer fill port. The oxidizer reservoir is slowly pres- 
surized to 375 psig. A soap solution is applied to all 
external fittings in the oxidizer reservoir system to verify 
that no leaks exist. The oxidizer fill needle valve is then 
closed, and the helium supply line is vented and removed. 

A tube is installed on the oxidizer fill port and a leak 
check is made to determine that no leakage exists across 
the needle valve seat. The oxidizer fill needle valve is then 
opened and the oxidizer reservoir is vented to zero psig. 
The pressurization needle valve is opened and the nitro- 
gen reservoir is also vented to zero psig. A 0- to 500-psig 
helium supply is connected to the oxidizer fill port and 
the oxidizer reservoir is slowly pressurized to 100 psig. 
The oxidizer fill needle valve is closed, and the helium 
supply line is vented and removed. 

A tube is installed on the pressurization port and a 
leak check is made to verify that no leakage exits through 
the bellows. Since this leak check is performed while the 
bellows are slightly expanded, it may uncover any leaks 
that were undetected when the previous leak check was 
made across the bellows while they were in a compressed 
condition. If no leaks are detected, the oxidizer reservoir 
is vented to zero, and the needle valves are closed and 
capped. 

C. Nitrogen Tank 
The leak check on the nitrogen tank is begun by re- 

moving the caps from the pressurization port and needle 
valve. A 0- to 3500-psig helium supply is connected to the 
pressurization port. With the needle valve open, the nitro- 
gen tank is slowly pressurized to 3300 psig. A soap solu- 
tion is applied to all external fittings to verify that no leaks 
exist in the nitrogen tank system. 

The needle valve is closed and the high-pressure helium 
line is vented and removed. A tube is installed on the 
pressurization port and a leak check is performed to 
verify that no leakage exists across the needle valve seat. 
If no leaks are detected, the needle valve is opened and 
the nitrogen tank is vented slowly to zero psig. The needle 
valve is then closed and the caps are replaced on the 
pressurization port and needle valve. 
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11. PROPELLANT FILLING PROCEDURE 

A. Oxidizer Filling 

During the oxidizer filling operation the propulsion 
system is weighed on a scale in order to verify that a 
nominal amount of oxidizer is transferred. An oxidizer 
vacuum fill assembly is installed on the oxidizer fill port 
as shown in Fig. '4-3, with one line leading to the nitrogen 
tetroxide (S20, )  cylinder and the other line going to a 
vacuum pump. Before the N,O, cvlinder is connected 
into the system, it is pressurized with nitrogen to 100 psia 
and a sample is removed from the liquid port to assure 
that a bubble-free column of liquid is present. After a 
vacuum of 29 in. Hg is attained in the oxidizer resenoir. 
the appropriate 1 ah-ing is manipulated to allow N-0, to 
flow into the cartridge under 115-psia pressure. After the 
cartridge is full, the S I O ,  source is closed off and the start 
cartridge nitrogen resenoir is pressurized to 75 psig. 

The ullage indicator latch (Fig. 4-3) is released; this 
allows a piston to travel down a cylinder, and a calibrated 
amount of N1O, is thus removed from the bellows. Then 

~ E S S U Q I Z A ~ I O N  VALVE 
A SSEMB i Y  

Fig. A-3. Oxidizer vacuum-fill assembly 
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the oxidizer fill needle valve is closed. By removing a 
small portion of oxidizer from the start cartridge bello\\-s. 
freedom of movement is provided for temperature expan- 
sion nf the Y20* T f  no nxirli7er were removed. the end of 
the bellon-s would rest against the stop which is used for 
filling at ambient temperature, and any great temperature 
rise could cause a leak by deforming the bellows circuni- 
ferentially, since they would not be free to expand in a 
iongituciinal ciiieciioil. 

The vacuum fill assembly and Iines are removed from 
the propulsion unit and strips of methyl orange indicator 
paper are taped to all oxidizer resen.oir fittings to monitor 
for olidizer leaks. 

6. Fuel Tank Bladder Passivation 

Passivation is initiated bp installing a standpipe in a 
drum of anhydrous hydrazine. Closure of the fuel drum 
outlet valve D, shown in Fig. -4-4, is verified. -4 fles hose 
is attached to the outlet valve, and a 0- to 60-psig source 
of nitrogen is connected to the ullage pressurization check 
valve of the fuel drum standpipe assembly. The propul- 
sion unit is weighed. 

The vacuum-fuel fill assembly is installed on the fuel 
port. The unit is again weighed, and closure of all valves 
of the vacuum-fuel fill assembly is verified. ,\fter the fuel 
hose is attached to the vacuum fill assembly, the fuel drum 
is pressurized to approximately 6 psig. The fuel drum out- 
let valve is opened. and the fuel bleed valve C on the 
\-acuum-fill assembly is opened until a steady stream is 

TO PROPULSION SYSTEM 
FUEL FILL PORT 

FUEL DRUM 
STANDPIPE ASSEMBLY 

VACUUM FUEL FILL 
I 

+\p:F- D 

FUEL DRUM 
OUTLET 

BLEED 
TO VACUUM 

PUMP 

Fig. A-4. Fu 

I 

FUEL DRUM 

I-fill schematic 
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obtained, at which time the bleed valve is closed. The 
propulsion unit is weighed. 

The vacuum hose from the vacuum pump is attached 
to the vacuum port of the fuel fill assembly. After the 
fuel tank bladder has been evacuated and the vacuum 
has stabilized at 29 in. Hg, the vacuum is locked off and 
the vacuum hose is removed. The appropriate valving 
on the vacuum-fuel fill assembly is manipulated and 
8.00 lb of fuel are allowed to flow into the bladder. After 
all valves have been closed, the fuel hose is removed 
from the vacuum-fuel fill assembly and capped. 

The fuel is sloshed around gently in the fuel tank 
bladder at 10-min intervals for % hr. A water aspirator is 
connected to the vacuum port of the vacuum fill assem- 
bly to remove the hydrazine from the bladder. After the 
hydrazine has been depleted, the aspirator is removed 
and the line and port are capped. 

Passivation is performed on the bladder as a precau- 
tionary measure to remove any catalytic agents that may 
be present. 

111. LEAKAGE 

As a result of the oxidizer leak problems described in 
Section V-D, it was decided to investigate three com- 
monly used leak detection methods for oxidizer start 
cartridge assemblies. The following leak tests were per- 
formed on these two assemblies: (1) helium mass spec- 
trometer test with an evacuated probe, (2) helium mass 
spectrometer test in an evacuated bell jar, (3) commercial 
soap solution bubble test, and (4) methyl orange paper 
test after nitrogen tetroxide fill. The cartridge pressure 
was 375 psig for all tests. The probe test was employed 
only to determine the approximate order of magnitude 
of a leak. 

The first test specimen registered a leak of approxi- 
mately 2 X lo-" std. cm3/sec while in the evacuated bell 
jar of the helium mass spectrometer. The soap bubble 
test showed no signs of the leak for that range. However, 
the methyl orange paper did show traces of the oxidizer 
leak after the N,O, was loaded into the start cartridge 
and pressurized. Titration of the test paper showed that 

36 

C. Fuel Filling 

Fueling operations are started by reconnecting the fuel 
hose to the vacuum-fuel fill assembly. The fuel drum 
outlet valve D, shown in Fig. A-4, is opened, and the 
fuel bleed valve C on the vacuum fill assembly is opened 
until a steady stream of N,H, is obtained, at which time 
the bleed valve is closed. The propulsion unit is weighed. 
This weight is compared with the weight which was 
obtained just prior to the passivation fill, to determine the 
amount of residual fuel in the tank bladder. The weight 
of fuel which should be placed into the tank is then 
determined. 

The hose from the vacuum pump is attached to the 
vacuum port of the fuel fill assembly. From this point, 
the actual fill operation proceeds exactly like the passiva- 
tion fill. The propulsion unit is weighed after the fuel 
hose is removed. The vacuum-fuel fill assembly is re- 
moved from the propulsion unit and the propulsion sys- 
tem is again weighed. Caps are replaced on the ports and 
needle valves. A postfueling calibration is performed on 
the scale to verify its accuracy. The nitrogen source for 
the fuel drum is vented and removed. After lockwiring 
operations, the oxidizer valve blast shield is installed. 

CORRELATION 

approximately 1W to lo-' std. cm3/sec of oxidizer had 
come in contact with the paper. On the basis of this 
series of tests, it was also determined that the soap solu- 
tion tests with a leak detection capability of only lo-' std. 
cm3/sec are not sensitive enough to locate very small leak 
paths. 

The second test specimen showed a leak that meas- 
ured approximately 1 X std. cm3/sec of helium in 
the evacuated bell jar. The soap solution test was nega- 
tive. Lastly, the methyl orange paper displayed no color 
change, thus indicating that within the limits of this 
test there was no detectable oxidizer leak. The test 
results are summarized in Table A-1. 

As shown above, the methyl orange paper test is more 
sensitive than the helium-soap bubble test. However, any 
leakage small enough to be undetected by  the helium- 
soap bubble test would not result in the leakage of a 
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Leak test 

1. Helium moss spectrometer (evocuoted chomber) 

2. "Snoop" swp bubble 

sufficient amount of oxidizer to cause a propulsion sys- 
tem failure. If a similar midcourse system were to be 

built, the K-seal interfaces should be eliminated to in- 
crease the leak-tightness confidence. 

Estimate of maximum test 
sensitivi(y 

std. m 3 / u c  

Test results 

Test specimen No. 1 Test specimen No. 2 

lo-' 2.3 X lo-" std. cm'/sec 1.4 X std. cm'/sec 

zi x 10.' No bubbk No bubble 

4. Titmtion of methyl-oronge litmus by JPL Ano- 
lyticol Chemistry Loborotory 

IV. SPECIFICATIONS AND PROCEDURES'4 

=lo4 to lo-' rtd. cma/sec No test 
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